A 65-year-old man presented with acute liver failure and grade IV coma caused by hepatitis B virus (HBV) infection in 2017. The patient died on day 12 from the disease onset. The HBV isolated from the patient was genotype/subgenotype B/B1 and had multiple genomic mutations. The patient's wife was hepatitis B surface antigen (HBsAg)-positive when she delivered her first daughter in 1979. The HBV isolates of the patient and the wife shared 100% similarity over the entire genome. Because the patient's HBsAg value had been negative one year earlier, we considered the source of HBV transmission to be his wife.
Introduction
Hepatitis B virus (HBV) can cause acute hepatitis in an adult individual who does not possess anti-hepatitis B surface (HBs) antibody. In most cases, acute hepatitis B is selflimited with a time course of several weeks. However, in approximately 1% of cases, acute hepatitis B progresses to acute liver failure with coma, also referred to as fulminant hepatitis. Once fulminant hepatitis develops, 50-60% of patients die (1, 2) . Thus, the appropriate management of patients with HBV infection and the education of high-risk groups are important in order to prevent further HBV transmission.
At present, sexual contact is the leading cause of HBV infection in Japan (3) . Individuals without anti-HBs antibody have a high risk of contracting HBV infection if their partner is an HBV carrier. Indeed, among couples where one spouse is HBs antigen (HBsAg)-positive, the partner is frequently found to be an HBV carrier (4) . It is estimated that HBV transmission occurs within 2 years of marriage in 86.7% of such couples (5) . When these patients contract HBV infection, most present with a mild clinical course, with only 10.9% showing acute hepatitis (5) . In contrast, although HBV transmission after 10 years of marriage is rare, fulminant hepatitis has been reported in the spouse (6) .
Seroconversion from hepatitis B e antigen (HBeAg) to the corresponding antibody (anti-HBe) is believed to be an indicator of a favorable clinical course, as this seroconversion can lead to a reduction in the levels of HBV DNA and serum transaminases (7) . At that time, the viral genome of HBV develops mutations under sustained immunological pressure from the host (8) . Among mutations, G1896A is well known to inhibit the production of HBeAg. In contrast, multiple mutations can alter the biological features of HBV. For instance, G1896A coupled with G1889A mutations in the precore region has been reported to increase HBV replication (9) . In addition, these mutations are observed in patients with fulminant hepatitis (6) .
We herein report a case of acute liver failure caused by HBV. Although the patient's wife had been diagnosed with HBV infection at the time of her first delivery, HBV transmission was avoided until 38 years after marriage. We therefore analyzed the HBV genomes and discussed the cause of this case of HBV transmission after a long-lasting marriage.
Case Report
A 65-year-old Japanese man first noticed a fever and then presented with bleeding in the oral cavity on day 4 from the onset of hepatitis. He was admitted to a local hospital on the same day and transferred to our hospital on day 5 due to se-vere hepatic injury (Table 1 ) and grade IV hepatic coma (as proposed by the Inuyama Symposium) (10).
The laboratory data and level of consciousness met the criteria for acute liver failure with coma, also referred to as fulminant hepatitis. A serum analysis showed a high titer of IgM class antibody against HBV core (IgM anti-HBc) and excluded other causes of hepatic injury, including hepatitis A, hepatitis C, autoimmune hepatitis, and cytomegalovirus and herpes simplex virus infections. Although we continued to provide intensive care, including plasma exchange therapy, entecavir (0.5 mg every 48 hours), and continuous hemodiafiltration (CHDF), the clinical status did not improve ( Fig. 1 ). CT scans showed the progress of liver atrophy and ascites ( Fig. 2a and b ). On day 7, he was withdrawn from the liver transplantation program because of irreversible central nervous system damage, which included brain edema ( Fig. 2c and d ) and a loss of the brain-stem reflex and light reflex. He ultimately died on day 12 after the onset of hepatitis.
Because the patient had been HBsAg-negative at a health checkup one year earlier, we conducted a careful interview to determine the potential route of transmission. He had no history of blood transfusion or acupuncture therapy. He had no risk factors for HBV infection with the exception of his wife, who had a chronic HBV infection; however, the couple had had no sexual contact for several years. Table 2 showed the HBV status of the patient's family. They had been married in 1978, and the HBV infection of the wife was first detected in 1979 when she delivered her first daughter. In 2004, she was diagnosed as an inactive HBV carrier by her private doctor because her serum alanine aminotransferase (ALT) levels remained normal between The wife started treatment with tenofovir, a nucleotide analog, two months after the death of her husband. The first daughter underwent HBV vaccination because all HBVrelated markers were negative. The second daughter, born in 1981, did not receive any additional treatments because her HBs antibody titer was 183.1 mIU/mL. However, the cause of the elevated anti-HBs and anti-HBc antibodies in the second daughter was unknown.
The analysis of the HBV genome
After obtaining informed consent, we determined the full genomic sequence of the HBV isolates recovered from the patient and his wife, as previously reported (11) , and deposited the sequences in the DDBJ/EMBL/GenBank databases [the patient (LC461174); the wife (LC461175)]. A phylogenetic analysis confirmed that HB17-0186 (patient) and HB 17-0824 (wife) were classifiable into genotype B and further into subgenotype B1 (Fig. 3) . The HBV genome isolated from the patient was 3,215 nucleotides in length. Multiple mutations associated with fulminant hepatitis B (8) were observed: T1754G in the basic core promoter region; G1896A and G1899A in the precore region; and T1961C and C1962A in the core region. No nucleotide insertions or deletions were observed. The HBV genome isolated from the wife was a quasispecies with 22 mixed nucleotides (7 A/G, 6 T/C, 3 A/C, 3 A/T, 2 G/T and 1 G/C) over the entire genome. The HBV nucleotide identity between the patient and the wife was 99.6%, and we estimated that it would show 100% similarity if the mixed nucleotides and either of them at an equivalent nucleotide position were regarded as the same. Based on a medical interview and the analysis of viral genomes, we considered that HBV had been transmitted from the patient's wife after 38 years of marriage.
Discussion
We reported a case of acute liver failure with coma caused by HBV that was transmitted to the patient from his wife after 38 years of marriage. In Japan, genotype B HBV infection is the third-and second-most common cause of acute and chronic hepatitis B, respectively (3). In general, the clinical course of genotype B shows early HBsAg clearance in acute hepatitis and HBeAg seroconversion in chronic hepatitis (3, 12, 13) . However, the frequency of acute liver failure is higher in genotype B than in other genotypes (14) . Ozasa et al. reported that subgenotype B1 is a risk factor for fulminant hepatitis B (15) . In addition, age >34 years old, HBeAg-negativity, total bilirubin >10 mg/dL, and precore mutation G1896A have been reported as independent risk factors for fulminant hepatitis (15) . Of note, the present case possessed four of these risk factors.
Multiple mutations in HBV genome have been reported in fulminant hepatitis B (6, 8) . In the present case, mutations that are associated with fulminant hepatitis were observed within the core promoter, precore, and core gene regions, in-cluding T1754G, G1896A, G1899A, T1961C, and C1962A. The frequency of T1754G, G1896A, and G1899A in fulminant hepatitis is reported to be 33%, 67%, and 25%, respectively (9) . Although the biological significance of T1754G is unknown, G1896A coupled with G1899A was reported to increase the HBV DNA level (9) . Host factors are also important for the development of fulminant hepatitis. Because it is hypothesized that mutations in the core region modify the HBV epitope, which is recognized by T cells (8), T1961C and C1962A may alter the host immune response of the patient. Thus, these mutations might have contributed to the increased multiplication of HBV in the wife as well as the heightened immune response in the index patient.
Because the cause of HBV transmission after a longlasting marriage was not fully investigated, we considered the potential mechanism. We speculated that the HBV DNA load of the wife had been low at the time of marriage but increased after 2007, based on the following facts: 1) HBV had not been transmitted early in the marriage; 2) their first daughter was negative for any HBV-associated markers; 3) the private doctor diagnosed the wife as an inactive HBV carrier in 2004 (although detailed data of HBV markers were not available); and 4) the wife's serum ALT levels increased after 2007. Thus, further mutations, which were associated with the increase in the HBV DNA level, might have emerged around 2007. Indeed, the HBV DNA level of Coma leves were determined according to the criteria proposed by Inuyama Symposium. *Days mean the date presented hepatic coma from the onset. CP: core promoter, ND: not determined, G: grade the wife was 5.4 logIU/mL in 2017. The route of HBV transmission is another issue of interest in the present case. The couple's two children were both negative for HBsAg, so transmission from their children was denied. Sexual and blood-borne transmissions were also denied based on a medical interview. Although the couple saw the same dentist, they visited the dental clinic separately. In addition, they did not share commodities, including toothbrushes, towels, and sharps. We were therefore unable to determine the transmission route in the present case. To date, 11 Japanese patients, including the present case, have been reported to show acute liver failure with coma as a result of interspousal HBV transmission after more than 10 years of marriage (Table 3) (6, (16) (17) (18) (19) (20) . The timing of the onset of acute liver failure after marriage varied in these cases. In all case, the spouse was HBeAg-negative with mutations in the precore regions. Genotype B and acute liver failure were predominant among these cases. Among the 11 patients, 6 (54.5%) died; most of the patients presented with grade III to IV coma. The patients who died tended to have mutations in the core promoter region in addition to the G 1896A precore mutation. The present case had grade IV coma and mutations in the precore and core promoter regions, which were also observed in most of the previous patients who died.
The present case alerted us to the difficulties of managing HBeAg-negative HBV carriers. If the HBV-related markers of the wife had been monitored after 2004, the risk of transmission might have been reduced by conducting appropriate management of HBV. Although HBeAg seroconversion has been believed to be an indicator of "inactive HBV carrier", it still has the potential to reactivate with age (7) . To prevent HBV transmission, including horizontal transmission, the Japanese government decided to start conducting universal HBV vaccination for newborns in October 2016. This will supplement selective HBV vaccination that was started in 1986 to prevent vertical transmission in Japan. Because uni-versal and selective HBV vaccinations have been shown to reduce the HBV carrier rates in many foreign countries (21) and Japan (22), interspousal HBV transmission may also decline in the future. However, individuals who fail to participate in such vaccination programs have the potential to contract HBV infection. Thus, HBV vaccination is highly recommended for at-risk individuals without anti-HBs antibody, even among couples in which one partner is an HBeAgnegative HBV carrier.
In conclusion, HBV transmission can occur in couples even after a long-lasting marriage. We should not stop monitoring the viral load in HBeAg-negative HBV carriers in order to be sure of the disease status as well as to prevent HBV transmission to individuals who have no immunity against HBV.
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